Poly(vinyl-chloride) (PVC, high molecular weight), bis(2-ethylhexyl) sebacate (DOS), and tridodecylmethylammonium chloride (TDMAC) were obtained from Sigma-Aldrich. Spiropyran and the chloride ionophore were synthesized in our laboratory according to the literature. 1,2 All solvents and reagents used were analytically pure unless otherwise specified. Aqueous solutions were prepared by dissolving the appropriate salts in Milli-Q purified water. The membrane cocktail was prepared by dissolving 0.96 mg (20 mmol/kg) spiropyran, 4.2 mg (40 mmol/kg) chloride ionophore, 1.15 mg TDMAC (if needed), 31.2 mg PVC, and 62.4 mg DOS in 1 mL of THF. The membranes in Figure S2 contained 10 mmol/kg TDMAC, 60 mmol/kg chloride ionophore and 2 mmol/kg (4 mmol/kg for triangles) spiropyran.
Instrumentation and Setup
Absorption spectra were measured using a CCS 200 spectrometer from THORLABS.
Fluorescence was determined with Fluorolog-3 spectrometer (Horiba Jobin Yvon). The membrane (ca. 3 µm thick) was spin-coated onto a round quartz slide (dia. 35 mm) which was mounted into the flow cell described elsewhere 3 . 1 mM MOPS buffer solutions at pH 7.4 with different Clconcentrations were pumped through the flow cell for absorbance and fluorescence measurements.
To measure the absorbance, a Lambda DG-4 Plus Xenon Source (Sutter Instruments) was used as the illumination system so that rapid switching between UV light (ZET365/20x filter, Chroma Inc.) and visible light (FF02-409/LP BrightLine long-pass filter, Semrock Inc.) can be achieved.
The UV light was continuously used to turn on the sensor. For the interrogation of the system, UV light was rapidly switched to visible light and this light was kept for one second during which time the absorbance was recorded by the CCS200 spectrometer. The intensity of the visible light was adjusted to the minimal intensity required for readout with the CCS spectrometer (~10 -5 W/cm 2 ).
Prior to the experiment, the reference intensity spectrum of the optode film in the OFF state was recorded, which is required for the calculation of the absorbance spectrum from the raw intensity output of the CCS200 spectrometer.
To measure the potentiometric response of the sensor, the same setup used for the characterization of the pKa change of the spiropyran was used. 4 Alternatively, the solvent casted membranes were also mounted into commercial electrode bodies (Ostec, Oesch Sensor Technology). Here, the illumination was carried out directly through the bottom of a beaker using a laboratory handheld UV-source (365 nm). The two experimental setups gave the same sensor response.
To measure the selectivity coefficient, the sensor responses with UV light illumination to various interfering ions were measured in pH 7.4 MOPS buffer (1 mM) under absorbance mode and fit with theoretical curves simulated by eq. 2 in the main text to get the coex K values. The selectivity coefficient is then calculated with the coex K values according to the previous reported methods for neutral carrier based bulk optodes 5 .
Experimental data for Figure S2 was obtained by calibrating the sensor under fluorescence mode.
The membrane was illuminated by 365 nm light and emission at 650 nm was recorded as signal output. Interrogation: 10 -5 W/cm 2 (continuously illumination), switching: 6x10 -3 W/cm 2 (continuous illumination), thermal relaxation: 10 -5 W/cm 2 (2% illumination), Figure S1 shows that the thermal back reaction is dominant over the light induced reaction under the conditions used for spectrum interrogation. (T = 25 °C). Visible light usually used for a triggered switching has an intensity of about 6x10 -3 W/cm 2 , a factor of 600 higher. The fraction of Mc converted to Sp due to thermal relaxation during the time of an absorbance measurement amounts to less than 1%, which is considered as negligible. 
Improving photostability of the optode by adjusting the membrane composition:

Smulations for potentiometric response with and without co-extraction of H + and
Cl -: UV-Illumination (Co-extraction can occur) The 1:1 and 2:1 binding complexes are expressed as follows:
where, L , LCl  , 2 L Cl  and Cl  represent the free ionophore, 1:1 complex, 2:1 complex and free chloride ions in the membrane; The α value (deprotonation degree of Mc) in absorbance mode was determined using the following equation:
Cabliration in fluorescence mode：
where A D is the absorbance value of the sensing film at 570 nm when Mc is fully deprotonated, A P is the absorbance value of the sensing film where Mc exists in its fully protonated form at 570 nm, and A is the absorbance value of the sensing film at 570 nm. For calculation under emission mode, the emission intensity at 650 nm was used instead.
